Abstract: Several studies have suggested that aerobic physical activity is safe and beneficial for HIV-infected adults. However, there is information lacking regarding whether HIV-infected patients practice physical activity and to what extent. Therefore, the aim of this systematic review was to determine the prevalence of physical activity, sedentary lifestyle or lack of physical activity in non-experimental conditions performed by HIV-infected subjects. The electronic search was conducted using Medline and EMBASE bibliographic databases and the platforms of Bireme, Ovid, Science Direct, High Wire and SCIELO from January 1990 to July 2011. Original observational studies were included. Of the 2,838 articles found, 48 met the inclusion criteria. Following data extraction and after reading the manuscripts, 24 were selected for systematic review. Of the 24 studies, most were cross-sectional studies. The average quality score using the modified Newcastle-Ottawa scale was 2.8±1.5. The diversity of methods used to assess physical activity precluded the calculated summary estimate of prevalence. The percentage of sedentary lifestyle was determined in 13 articles which conducted studies on HIV-infected individuals. The percentage of sedentary lifestyle or physical inactivity ranged from 19% to 73%, with the level determined by different methods. In conclusion, there are few well-designed studies with adequate sample size to represent the population of HIV-infected individuals. A pooled estimate could not be calculated due to the differences in physical activity measurements and definitions of physically active and non-active HIV-infected individuals.
INTRODUCTION
Regular physical activity has been recommended as a part of the global strategy for prevention of nontransmissible diseases [1] [2] [3] . The current physical activity guideline suggests that adults should engage in moderate-tovigorous physical activity for at least 30 minutes a day, five days a week [1] . The guideline aimed at the general population [4] and there is no specific recommendation for HIV-infected individuals. However, a systematic review has found that aerobic exercise or its combination with strength training for four weeks, at least three times a week, might be enough for improving cardio-respiratory capacity of HIVinfected individuals [5] . Additional evidence suggests that the effect of long-term endurance exercise can increase CD4, improve functional capacity, and quality of life, as well as reduce the prevalence of depression and pre-hypertension [6] [7] [8] . Furthermore, moderate-to-vigorous exercise improved cardio-respiratory fitness and promoted weight loss with no detrimental influence on immunological profile or viral load level increase in subjects on antiretroviral treatment [9] [10] [11] . Most of these results were obtained through experimental *Address correspondence to this author at the Centro de Pesquisa Clínica, 5º andar, CARDIOLAB-Hipertensão, Hospital de Clínicas de Porto Alegre, Ramiro Barcellos, 2350, 90.035-003, Porto Alegre, RS, Brazil; Tel/Fax: + 5551-33597621/3359-8420; E-mail: scfuchs@terra.com.br studies, founded on interventions administered for a short period of time -some of them had no control group, and conducted on small samples of highly selected participants. Therefore the findings could not be generalized to the overall population of HIV-infected individuals and do not support long-term benefits. Moreover, there is scarce information regarding the level of physical activity performed by HIVinfected individuals. This systematic review aimed to verify the prevalence of physical activity, sedentary lifestyle or lack of physical activity in non-experimental conditions performed by HIV-infected subjects in order to obtain a pooled estimate.
METHODS

Searching
The search strategy was performed using Medline and EMBASE bibliographic databases and the platforms of LILACS, Ovid, Science Direct, High Wire and SCIELO. Unpublished studies were investigated in the largest doctoral thesis and dissertations database of a Brazilian Agency (CAPES). The searching by hand was conducted in the references of the review papers and in non-indexed Medline Brazilian journals. Duplicate publication was checked and, wherever necessary, the corresponding author was contacted.
Three investigators conducted independent search strategies, and the final one included primary descriptors for PubMed: "physical activity" [textword] or "exercise" [MESH] or "motor activity" [MESH] that were intersected with secondary descriptors: "lifestyle" [MESH] , "HIV" [MESH] , "AIDS" [MESH] using Boolean operators. Even though this review was not focused on "exercise", this descriptor was included in order to capture papers that might contain both physical activity and exercise measurement.
Selection
The eligibility criteria included observational studies that evaluated physical activity performed by HIV-infected adults, published from January 1990 to July 2011, and with no language restriction. Prevalence, cross-sectional, and cohort studies that assessed physical activity using a standardized protocol or equipment were eligible.
Validity Assessment
Screening and eligibility were checked by three independent investigators who read the titles and the abstracts of all articles in order to identify those that met the inclusion criteria or those that could not be clearly excluded. Disagreements were solved by consensus in staff meetings.
Ethics Statement
The project was approved by the Ethics Committee of Hospital de Clinicas de Porto Alegre, which is accredited by the US Office of Human Research Protections as an Institutional Review Board.
Data Extraction
A standardized record form was designed, pretested, piloted and revised. Two independent investigators extracted the data using a spreadsheet previously tested and refined. Divergences were resolved by discussion between the reviewers. Selected studies were critically appraised and data were recorded in a tabular format allowing comparisons between studies. Three authors were contacted in order to obtain additional information or to clarify some details about the methodology of measurement or physical activity score.
Study Characteristics
Characteristics of the study such as year, setting, population and sampling, study design, instrument or equipment used to quantify physical activity were recorded, and quality of the study was assessed by the NewcastleOttawa scale, adapted for cross-sectional studies [12] . The data was reported according to the PRISMA Statement checklist, and a four-phase flow diagram was produced [12] .
Information was extracted from each included article on: (1) article identification; (2) characteristics of participants, such as age, gender, HIV or AIDS diagnosis/testing method; (3) design and setting; (4) sample size; (5) physical activity, including measurement methods and type, duration, frequency and intensity of physical activity in order to classify the level.
Quantitative Data Synthesis
It was anticipated that the report of physical activity might be presented using different formats, so all continuous (mean and SD) or categorical (percentage) data were recorded for type, duration and frequency of physical activity. Individuals physically active could be identified by moderate-to-vigorous physical activity performed during 150 min/week [13] , questionnaire or accelerometer; walking at least 10,000 steps/day measured by a pedometer [13] , or any other standardized definition. Participants who did not achieve such levels were classified as inactive. A priori, it was planned to aggregate the results of the studies into a summary measure of prevalence rate, and assessing heterogeneity using the Comprehensive Meta-Analysis® software.
The modified Newcastle-Ottawa Scale, derived from quality assessment scales for case-control studies, was used to assess the quality of the study regarding sampling, selection, exposure, and outcome measurements. The questions of case-control study assessment were adapted to investigate exposure (HIV infection diagnosis) and outcome (Physical activity). A star was given for each item completed, resulting in scores ranging from 0 (worst) to 7 (best) [12] . Fig. (1) shows the questions used for quality assessment of the studies.
RESULTS
Flow of Included Studies
The database search identified 2,830 as potentially eligible studies. Six were detected by checking the references of relevant papers and two doctoral theses were additionally retrieved. All studies were screened by reviewing the title and abstract and 48 needed review of the full-text. The remaining retrieved studies were excluded since they did not meet the eligibility criteria, and the full text of 48 studies was examined by two investigators. Fig. (2) presents the flowchart to summarize study selection processes that showed in the inclusion of 24 articles.
Study Characteristics
In the overall, 24 studies were included, two cohort studies, eight prevalence studies, and 14 cross-sectional studies. Two articles [14, 15] showed superposition of the main and complementary results, and they were handled as a single article for data analysis purpose.
Of the 24 articles included in this systematic review, 14 primarily aimed to determine the prevalence of physical activity or to examine its association with metabolic disorders, abnormal fat distribution, progression of HIV infection or its influence on the immune system. The remaining 10 studies assessed physical activity to test secondary hypotheses, verifying energy intake and expenditure or the association with lifestyle, coronary heart disease, metabolic syndrome or other outcomes among HIVinfected individuals.
Quantitative Data Synthesis
At the database search phase, the overall agreement rate among investigators was 95%. Disagreements regarding eligibility or quality of the study were solved by consensus. Most articles presented prevalence data, but only half had a control group in order to compare rates. The majority did not present the non-response rate, these studies had a low average score on the adapted Newcastle-Ottawa scale, and no study reached the maximum score ( Table 1) .
Participants
A total of 4,982 participants were analyzed and their characteristics were described in Table 1 . The main inclusion criteria entailed adults aged 18 years or older, who reported having been tested positively for HIV infection and their physical activity assessed. Most studies included men and women. Seven studies enrolled only men, one did not specify how many of the 66 participants were males or females, and gender was not reported in one study. Most participants were males (n=3,494), with age ranging between 18 and 81 years, and the mean age ranged from 33 to 47 years.
Physical Activity Measurement
Most studies adopted standardized instruments (n=13), specific questions (n=10), accelerometer or pedometer (n=3), and a few additionally used laboratory tests, assessing indirect calorimetry, proxies of energy expenditure and peak of oxygen uptake (n=5). The questionnaires used to assess physical activity included the short version of IPAQ (International Physical Activity Questionnaire), Behavior . The modified Newcastle-Ottawa Scale* used to assess the quality of the studies. *Adapted from NOS for case-control study, using the HIV infection as the exposure and physical activity as the outcome with the attributed stars.
Risk Factor Surveillance Survey (BRFSS-PAQ), Minnesota Leisure Time Physical Activity Questionnaire, Leisure Activity Inventory and Seven-Day Physical Activity Recall, Baecke Questionnaire, Modified Paffenbarger Questionnaire, Daily Life and Sports Exercise. Data were obtained from face-to-face interviews, administered questionnaires (n=17), self-completed questionnaire (n=2), and the use of diaries (n=2). All instruments used different protocols to classify sedentary and active lifestyle. Physical activity was assessed for the usual pattern and for periods of time that ranged from one to seven days.
Sedentary Lifestyle or Insufficient Physical Activity
Prevalence of sedentary lifestyle or lack of physical activity among HIV-infected individuals was described in 13 articles, ranging from 19.0% to 73.3% [13, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . The IPAQ identified 81% as physically active, followed by the accelerometer ActiGraph (54%) and the pedometer DigiWalker (17%), while the prevalence of inactivity was inverse for the pedometer (83%), accelerometer (46%), and IPAQ (19%) [13] . The other two studies using the IPAQ either followed the IPAQ protocol for analysis or classified as active individuals who achieved at least 150 min/week of moderate-to-vigorous physical activity [17, 26] .
The studies that used the Minnesota Leisure Time Physical Activity Questionnaire considered sedentary patients who had a total activity metabolic index below 143 kcal/day [20] . Studies using the Baecke Questionnaire did not outline sedentary behavior or physical inactivity. They presented the total score as mean and standard deviation and the percentage of active individuals in some activities or sports [27] [28] [29] . These several criteria used for defining lack of physical activity resulted in barely comparable prevalence rates. For instance, one of the studies defined the exercise behavior based on the answer to the question: "how many times a week do you engage in physical activity?". Those who reported never exercising, or exercising less than once a month, once a month, every few weeks, or twice a week were aggregated into non-exercising category [19] . In another study, inactive were those who neither walked for more than 10 minutes at a time, nor performed moderate, vigorous, or strengthening physical activity [15] . In a few studies, individuals who performed some types of exercises (running, jogging, weight training) were classified as physically active [27, 30] . For one study, the rate of inactive or sedentary individuals was not described and had to be extracted from the difference on percentages shown in the figures [21] . Ramirez-Marrero et al. defined those participants with energy expenditure below 300 kcal/day as inactive [22] . Shah et al. did not present the cutoff point for physical activity, but this article presented the percentage of active individuals separated by gender, thus allowing calculation of the overall percentage of inactive subjects [24] . In another study, using the lifestyle questionnaire created by Nahas, those participants who scored below 27 were classified as poorly physically active [18] . Salyer et al. defined inactive as those who performed 2 times of physical activity per week [23] . Arendt et al. defined active as those who did usual physical activity during daily living activities, such as household shores, walking to get the bus etc. [16] .
Effects of Physical Activity Undertaken
The effect of physical activity has been established as inversely related to several metabolic disorders, such as high level of triglycerides and insulin resistance [21] , and directly associated with an increase in CD4 T-lymphocyte counts, a slower HIV progression and death with AIDS [19] and High Density Lipoproteins (HDL) level [24] . Some studies suggested that physical activity was related to higher quality of life [15] , and the potential explanation was that healthier body composition was more prevalent among active ones [22] . Arendt et al. [16] attributed the metabolic abnormalities to high-fat diet with low intake of micronutrients and fiber, rather than to the lack of physical activity and energy gain, noting that patients with metabolic syndrome generally were overweight or obese, despite having a satisfactory level of physical activity.
Level of Physical Activity Among HIV-Positive andNegative Subjects
The comparison between HIV-infected and non-infected subjects regarding levels of physical activity was conducted on five studies. In two studies, HIV-negative subjects had (Table 1) higher prevalence of physical activity than those with HIVinfection, but there were controversial results for those on potent highly active antiretroviral therapy (HAART) [30, 31] .
The energy expenditure from vigorous physical activity was higher among HIV-negative and untreated HIV-positive individuals than among those on HAART [30] . However, in one study there was no statistically significant difference between HIV-infected individuals with or without antiretroviral treatment. However, when comparison was made between HIV-infected and those without HIV infection, the latter performed regular physical activity more frequently (46% vs 60%, respectively) [31] . A third study detected that HIV-positive patients reported more physical activity than the non-infected ones. However, the comparison group was composed of patients with nonalcoholic fatty liver disease [32] .
The study by Fillipas et al. [17] showed that HIVpositive individuals spent more time in performing vigorous physical activity (P value = 0.034) and physical activity in general (P value = 0.01) than HIV-negative individuals. Similarly, with regard to energy expenditure at each intensity, they showed that HIV-positive patients had higher expenditure in vigorous (P value = 0.03), moderate (P value = 0.046) and total (P value = 0.02) activities than HIVnegative individuals.
Finally, a fifth study did not find differences in the level of physical activity carried out among HIV-infected and noninfected individuals [19] .
DISCUSSION
This systematic review screened 2,838 studies measuring physical activity performed by HIV-infected adults. Despite extensive literature search to obtain studies, only a few met the eligibility criteria. Moreover, the studies had low quality score, assessed by the modified Newcastle-Ottawa Scale, in addition to heterogeneity in the methods of physical activity measurement. The absence of a reference test for the assessment of physical activity in population-based studies contributed to the diversity of methods used to measure physical activity, which precluded from conducting a quantitative meta-analysis.
There were also controversial results with regard to the difference of physical activity levels among HIV-infected and uninfected individuals. However, there were few studies with a control group for conducting this analysis. While Mohammed et al. [32] and Fillipas et al. [17] rejected the null hypothesis, detecting that HIV-infected individuals had higher levels of physical activity in comparison with uninfected individuals, Smit et al. [30] found that individuals without HIV infection performed physical activity for longer periods than theinfected ones. Jacobson et al. [31] also reported that the practice of regular physical activity over the past 30 days was higher among individuals without infection, while Mustafa et al. [19] found no difference between the groups.
In order to avoid the variability in the measurement of physical activity, the percentage of sedentary lifestyle or physical inactivity which ranged from 19% to 73% was assessed [13] . An estimate from the United States for the last decade showed that 45% to 50% of the adult population did not perform physical activity during leisure time [1] . A study conducted between 1996-1997 in two most populous Brazilian regions, Southeast and Northeast, found a prevalence of 87% of sedentary lifestyle [33] .
In conclusion, there are few well-designed studies with adequate sample size to represent the population of HIVinfected individuals. From the evidence available, it was not possible to calculate a pooled estimate of the level and intensity of physical activity performed by HIV-infected patients.
LIMITATIONS
The studies available had low quality and high heterogeneity, which precluded the calculated summary estimate of physical activity prevalence. The lack of temporality of most studies, did not allow determining whether inactivity or sedentary lifestyle was due to the infection or whether it could be influenced by the antiretroviral treatment. Further studies are needed of using the same standardized instruments to determine the level of physical activity, and larger samples of HIV-infected individuals assessed to establish how physical activity works on the clinical parameters.
